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Description 

Background of the Invention 

[0001] The present invention relates generally to the 
field of manufacture of electronic devices. In particular, 
the present invention relates to the planarization of a 
substrate used in the manufacture of electronic devices, 
and more particularly to the filling of apertures. 
[0002] In the manufacture of electronic devices, such 
as printed wiring boards or semiconductors, a number 
of layers of material, such as photoresists or antireflec- 
tive coatings, are applied to a substrate. It certain in- 
stances, it is desired that the applied layer be conformal, 
whereas in other instances it is desired that the applied 
layer be planarizing. In particular, difficulties can arise 
in the patterning of upper layers in an integrated circuit 
structure where the lower layers have substantial topog- 
raphy. One difficulty in such patterning is the vertical ex- 
cursion which can be substantial. For example, vertical 
variations as much as a micron or two are possible. 
Such vertical variation makes it difficult to focus the op- 
tical pattern, since the vertical excursions may take por- 
tions of the surface out of the available depth of field. In 
such situations, it is advantageous to place the photore- 
sist layer all at the same height, or planarized, to poten- 
tially enhance available depth of focus. 
[0003] One method of placing a photoresist at the 
same height over a surface is disclosed in U.S. Patent 
No. 4,557,797 (Fuller et al.) which uses a multi-layer 
structure having a relatively thick bottom layer of poly 
(methyl methacryiate) ("PMMA") to provide a planar sur- 
face, a thin middle layer of an anti reflective coating and 
a thin top layer of a photoresist material. However, this 
system results in a thick polymer layer which must be 
removed. Such layers are typically removed by a variety 
of methods, such as chemical mechanical polishing 
("CMP"), etching and wet chemical methods. Due to the 
added time and cost of such removal processes, it is 
desired that the polymer layers be as thin as possible to 
aid in their subsequent removal. 
[0004] Certain antireflective coatings themselves 
may planarize the surface of a substrate sufficiently to 
allow effective use of a photoresist For example, see 
Adams et al., Planarizing AR for DUV Lithography, Mh 
crolithography 1999: Advances in Resist Technology 
and Processing XVI, Proceedings of SPIE, vol. 3678, 
part 2, pp 849-856, 1999. However, such antireflective 
coatings are not disclosed to completely fill apertures, 
such as vias and trenches, and have relatively low etch 
resistance and moderate to low gap filling ability. Etch 
resistance is important in dual damascene processes 
where the bottoms of vias need to be protected during 
etching of the trenches. Current antireflective coatings 
are not sufficiently gap filling to completely fill the bot- 
toms of small features, particularly sub-quarter-micron 
sized features, and may not be sufficiently resistant to 
such etch processes to protect the bottoms of vias dur- 
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ing trench etching. 

[0005] U.S. Patent No. 5,976,703 (Nakata et al.) dis- 
closes a planarization layer for printed wiring board sub- 
strates. Such planarization layers use polysilphenylen- 

5 esiloxane or copolymers of polysilphenylenesiloxane 
with an organosiloxane. These polymers are capable of 
planarizing features having geometries in the range of 
10 to several hundred ujti. Such polymers are not dis- 
closed for use in semiconductor manufacture and are 

10 limited in their ability to withstand subsequent process- 
ing steps, such as in dual damascene manufacturing 
processes. 

[0006] There is thus a continuing need to provide 
planarized surfaces and aperture filling material having 
15 sufficient etch resistance to protect the bottoms of fea- 
tures during subsequent processing steps. 

Summary of the Invention 

20 [0007] It has been surprisingly found that the present 
invention provides substantial local planarization of sur- 
faces with less overcoating, has better gap filling capa- 
bilities and better etch resistance than known composi- 
tions. It has also been surprisingly found that the present 
25 invention provides protection of features, particularly the 
bottoms of small apertures during subsequent process- 
ing steps. The present invention is thus particularly use- 
ful in the manufacture of semiconductors using dual da- 
mascene processes. 
30 [0008] In one aspect the present invention provides a 
composition comprising one or more cross-linkable pol- 
ymers having a weight average molecular weight of less 
than or equal to about 8000 and a value of M^/Mp of at 
least 1 .5, one or more acid catalysts, one or more cross- 
es linking agents and one or more solvents, wherein the 
cross-linkable polymers include as polymerized units at 
least one hydroxyl group containing monomer, and 
wherein the hydroxyl group is at least about 3 %wt of 
the cross-linkable polymers. 
40 [0009] In a second aspect, the present invention pro- 
vides a substrate having apertures wherein the aper- 
tures contain a composition including the composition 
described above. 

[0010] In a third aspect, the present invention pro- 
45 vides a method of protecting the bottom of apertures in 
the manufacture of an electronic device including the 
steps of disposing on a surface of a substrate having 
apertures the composition described above; and heat- 
ing the substrate at a temperature sufficient to at least 
so partially cure the composition. 

[0011] In a fourth aspect, the present invention pro- 
vides a substrate having apertures wherein the aper- 
tures comprise a composition comprising one or more 
cross-linked polymers comprising as polymerized units 
55 one or more cross-linkable polymers having a weight av- 
erage- molecular weight of less than or equal to about 
8000 and a value of M^/Mn of at least 1.5 and one or 
more cross-linking agents, wherein the cross-linkable 
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polymers comprise as polymerized units at least one hy- 
droxyl group containing monomer, and wherein the hy- 
droxyl group is at least about 3 %wt of the cross-linkable 
polymers. 

[0012] In a fifth aspect, the present invention provides 
a method of providing a substantially planarized surface 
including the steps of disposing on a surface of a sub- 
strate a composition comprising one or more cross-link- 
able polymers having a weight average molecular 
weight of less than or equal to about 8000 and a value 
of M^Mp of at least 1 .5, one or more acid catalysts, one 
or more cross-linking agents and one or more solvents, 
wherein the cross-linkable polymers include as polym- 
erized units at least one hydroxy! group containing mon- 
omer, and wherein the hydroxyl group is at least about 
3 %wt of the cross-linkable polymers; and at least par- 
tially curing the composition by heating the substrate at 
a temperature sufficient to at least partially cure the 
composition. 

[0013] In a sixth aspect, the present invention pro- 
vides a method for manufacturing an electronic device 
including the steps of: a) providing two or more first ap- 
ertures in a substrate; b) at least partially filling the two 
or more first apertures with an aperture fill composition 
including one or more cross-linkable polymers having a 
weight average molecular weight of less than or equal 
to about 8000 and a value of M^M,, of at least 1 .5, one 
or more acid catalysts, one or more cross-linking agents 
and one or more solvents, wherein the cross-linkable 
polymers comprise as polymerized units at least one hy- 
droxyl group containing monomer, and wherein the hy- 
droxyl group is at least about 3 %wt of the cross-linkable 
polymers; c) heating the substrate at a temperature suf- 
ficient to at least partially cure the composition; d) plas- 
ma etching a feature connecting two or more at least 
partially filled first apertures; and e) removing the at 
least partially cured composition from the two or more 
first apertures. 

[0014] In a seventh aspect, the present invention pro- 
vides a method of protecting the bottom of apertures in 
the manufacture of an electronic device including the 
steps of disposing on a surface of a substrate having 
apertures in a layer an aperture fill composition including 
one or more cross-linkable polymers having a weight av- 
erage molecular weight of less than or equal to about 
8000 and a value of My/M,, of at least 1 .5, one or more 
acid catalysts, one or more cross-linking agents and one 
or more solvents, wherein the cross-linkable polymers 
include as polymerized units at least one hydroxyl group 
containing monomer, wherein the hydroxyl group is at 
least about 3 %wt of the cross -linkable polymers, where- 
in at least one of the cross-linkable polymer and the 
cross-linking agent include as polymerized units an ar- 
omatic monomer, and wherein at least one of the cross- 
linkable polymer and the cross-linking agent include as 
• polymerized units an aliphatic monomer; and heating 
the substrate at a temperature sufficient to at least par- 
tially cure the composition; wherein the plasma etch rate 



of the aperture fill composition and the plasma etch rate 
of the aperture containing layer are substantially 
matched. 

[0015] In an eighth aspect, the present invention pro- 
5 vides a substrate having one or more apertures in a lay- 
er wherein the one or more apertures contain an aper- 
ture filling composition including cross-linked polymer, 
wherein the plasma etch rate of the cross-linked poly- 
mer and the plasma etch rate of the apertTre containing 
10 layer are substantially matched. 

Brief Description of the Drawings 

[0016] 

15 

Fig. 1 shows a cross-sectional representation of a 
completely filled via with some overcoating. 

Fig. 2 shows a cross-sectional representation of a 
20 partially filled via. 

Fig. 3 shows a cross-sectional representation of 
trench formation in a dual damascene process. 

25 Fig. 4 shows a cross-sectional representation of a 
metallized trench. 

Fig. 5 shows a SEM of a via having a pitch of 1:1 
filled with a composition of the invention. 

30 

Fig. 6 shows a SEM of a via having a pitch of 1:3 
filled with a composition of the invention. 

Fig. 7 shows a SEM of a via having a pitch of 1 :6 
35 filled with a composition of the invention. 

Detailed Description of the Invention 

[0017] As used throughout this specification, the fol- 

40 lowing abbreviations shall have the following meanings, 
unless the context clearly indicates otherwise: °C = de- 
grees Centigrade; g = gram; cm = centimeter; nm = na- 
nometer; A = angstrom; %wt = percent by weight; L = 
liter; mL = milliliter; and rpm = revolutions per minute. 

45 The term "polymer" refers to dimers, trimers, tetramers, 
oligomers, homopolymers, copolymers and the like. The 
term M (meth)acrylic" includes both acrylic and meth- 
acrylic and the term "(methjacrylate" includes both acr- 
ylate and methacrylate. Likewise, the term "(meth)acr- 

so yiamide" refers to both acrylamide and methacrylamide. 
"Alkyl" includes straight chain, branched and cyclic alkyl 
groups. "Cross-linker" and "cross-linking agent" are 
used interchangeably throughout this specification. The 
term "monomer" refers to an ethylenically or acetyleni- 

55 cally unsaturated compound capable of being polymer- 
ized^" Apertures" refer to vias, trenches, and combina- 
tions thereof . "Features" refer to various geometries, in- 
cluding apertures. 
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[0018] All amounts are percentby weight and all ratios 
arc by weight, unless otherwise noted. All numerical 
ranges are inclusive and combinable. 
[0019] The present invention is directed to providing 
a substrate with a substantially locally planar surface. 
The present invention is further directed to providing a 
substrate with apertures protected from subsequent 
etching steps. For substrates having features, the 
present invention provides a substantially planar sur - 
face over all the features as well as substantially filled 
apertures. The present invention is particularly suited for 
the filling of apertures, such as vias, in dual damascene 
processes in semiconductor manufacture. 
[0020] The compositions of the present invention use- 
ful as planarizing and aperture filling, particularly via fill- 
ing, compositions include one or more cross-linkable 
polymers having a weight average molecular weight of 
less than or equal to about 8000 and a value of MJM n 
of at least 1 ,5, one or more acid catalysts, one or more 
cross-linking agents and one or more solvents, wherein 
the cross-linkable polymers comprise as polymerized 
units at least one hydroxy I group containing monomer, 
and wherein the hydroxyl group is at least about 3 %wt 
of the cross-linkable polymers. It is preferred that the 
cross-linkable polymers have a weight average molec- 
ular weight of about 5000 or less, more preferably about 
3000 or less. It is also preferred that the cross-linkable 
polymers have a weight average molecular weight of at 
least about 300, preferably at least about 400, and more 
preferably at least about 500. Thus, a particularly useful 
weight average molecular weight range is from about 
300 to about 5000. 

[0021] The cross-linkable polymers of the present in- 
vention have low molecular weights and broad molecu- 
lar weight distributions, The molecular weight distribu- 
tions of the present invention are characterized by the 
polydispersity of the polymers, i.e. the ratio of the weight 
average molecular weight to number average molecular 
weight C^JU^). the polymers of the present invention 
typically have a value of M^M^ i.e. polydispersity, of at 
least 1 .5, preferably at least 1 .8, more preferably at least 
2.0, still more preferably at least 2.5, even more prefer- 
ably at least 3.0 and most preferably at least 3.5 . Typical 
polydispersities of such cross-linkable polymers are in 
the range of from 1 ,5 to 4, preferably 1 .8 to 4, and more 
preferably 2 to 4. 

[0022] The polymers of the present invention include 
as polymerized one or more hydroxyl group containing 
monomer, Such monomers may be aliphatic or aromatic 
and may contain other functionality. It will be appreciat- 
ed that such hydroxyl group containing monomers may 
contain one, two, three, four or more hydroxyl groups. 
The hydroxyl group comprises at least about 3 %wt of 
the cross-linkable polymers, preferably at least about 5 
%wt, and more preferably at least about 8 %wt. Partic- 
- ularly useful cross-linkable polymers include those com- 
prising from about 3 to about 25 %wt of hydroxyl groups. 
[0023] Suitable cross-linkable polymers include, but 
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are not limited to, aromatic-aldehyde condensates and 
any polymers including as polymerized units one or 
more hydroxyl group containing monomers. The aro- 
matic-aldehyde condensates useful in the present in- 
5 vention include, but are not limited to, phenolic ndvolak 
resins. Such novolak resins are typically prepared by 
condensation of a phenol with an aldehyde and are well 
known in the art and described in numerous publications 
including the Kirk Othmer Encyclopedia of Chemical 
10 Technology, Volume 15, pages 176 to 208, 1968, incor- 
porated herein by reference to the extent it teaches such 
resins. Although phenol itself is the commonly used phe- 
nol for the formation of such phenolic resins, other hy- 
droxy-substituted aromatic compounds are equally suit- 
es able, such as but not limited to resorcinol, gallic acid, 
alkyl substituted phenols such as naphthols, cresols, xy- 
lenols, and p-tert-butylphenol, and bisphenols such as 
p-phenylphcnol and 4,4'-isopropylidenediphenol. Pre- 
ferred phenols include the cresols, and more preferably 
20 m-cresoi, mixtures of m- and p-cresol, 2,5-xylenol and 
mixtures thereof. Mixtures of hydroxy-substituted aro- 
matic compounds may be advantageously used in the 
present invention. 

[0024] The aldehyde used is typically formaldehyde, 
25 but other aldehydes such as but not limited to acetalde- 
hyde, furfuraldehyde and aromatic aldehydes may be 
used. Preferred aromatic aldehydes are those where a 
hydroxyl group is in a position ortho to the carbonyl 
group. Most preferred aromatic aldehydes are salicyla- 

30 Idehyde, benzaldehyde and mixtures thereof. Other ar- 
omatic aldehydes suitable for purposes of the invention 
include 2-chlorobenzaldehyde, 3-hydroxybenzalde- 
hyde, 4-hydroxybenzaldehyde, 2-methoxybenzalde- 
hyde, 3-nitrobenzaldehyde, and the like. Mixtures of al- 

35 dehydes may be advantageously used in the present 
invention. When an aromatic aldehyde is mixed with for- 
maldehyde or a formaldehyde precursor such as para- 
fomaidehyde.the aromatic aldehyde preferably is in mo- 
lar excess of formaldehyde, and more preferably at least 

40 90% by weight of the aldehyde mixture. 

[0025] Typically, the phenol novolak resins are formed 
by condensing the phenol, i.e. hydroxy-substituted aro- 
matic compound, with the aldehyde in the presence of 
acid. The molar concentration of the aldehyde may be 

45 slightly less than that of the phenol, but may also be 
equivalent to or slightly in excess of the phenol without 
formation of a crosslinked resin. In this respect, the ra- 
tio'of the phenol to the aldehyde may vary between 
about 1 .1 to 1 .0 and 1 .0 to 1 .1 See, for example, U.S. 

so Patent No. 5,939,511 (Zampini et al.). 

[0026] in general , the polydispersity of such aromatic- 
aldehyde condensates useful as cross-linkable poly- 
mers in the present invention is at least about 2.5, pref- 
erably at least about 3.0 and more preferably at least 

55 about 3.5. 

[0027] -Any hydroxyl group containing ethylenicaliy or 
acetylenically unsaturated compound is useful as the 
hydroxyl group containing monomer in the present in- 
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vention. Such hydroxy group containing monomers may 
be aliphatic or aromatic. Suitable hydroxy group con- 
taining monomers include, but are not limited to , phenol, 
cresol, resorcinol, pyrogallol, methylol phenol, methylol 
cresol, methylol resorcinol, methylol pyrogallol, hydrox- 
yethylphenol, hydroxypropylphenol, hydroxyethyl- 
cresol, vinyl phenol, vinyl cresol, vinyl methoxy phenol, 
hydroxyethyl (meth)acrylate, 2-hydroxypropyl (meth) 
acrylate, 3 -hydroxy propyl (meth)acrylate, hydroxycy- 
clohexyl (meth)acrylate, hydroxyphenyl (meth)acrylate, 
di-ethyleneglycol (meth)acrylate, bis(hydroxyethyl) ita- 
conate, bis(hydroxyethyl) citraconate, bis(hydroxyethyl) 
fumarate, hydroxyethyl itaconate, aaly phenol, allyl 
methoxy phenol, allyl alcohol, vinyl alcohol, and the like. 
[0028] Suitable monomers useful in combination with 
hydroxyl group containing monomers of the present in- 
vention include, but are not limited to, (meth)acrylic acid, 
(meth)acrylamides, alkyl (meth)acrylates, alkenyl 
(meth)acrylates, aromatic (meth)acrylates, vinyl aro- 
matic monomers, nitrogen-containing compounds and 
their thio-analogs, substituted ethylene monomers, and 
the like. 

[0029] Typically, the alkyl (meth)acrylates useful in 
the present invention are (Cj-C^) alkyl (meth)acrylates. 
Suitable alkyl (meth)acrylates include, but are not limit- 
ed to, "low cut" alkyl (meth)acrylates, "mid cut 1 ' alkyl 
(meth) aery lates and "high cut" alkyl (meth)acrylates. 
[0030] "Low cut" alkyl (meth)acrylates are typically 
those where the alkyl group contains from 1 to 6 carbon 
atoms. Suitable low cut alkyl (meth)acry lates include, 
but are not limited to: methyl methacrylate ("MMA"), me- 
thyl acrylate, ethyl acrylate, propyl methacrylate, butyl 
methacrylate ("BMA"), butyl acrylate ("BA"), isobutyl 
methacrylate ("I BMA"), hexyl methacrylate, cyclohexyl 
methacrylate, cyclohexyl acrylate and mixtures thereof. 
[0031] "Mid cut" alkyl (meth) aery lates are typically 
those where the alkyl group contains from 7 to 1 5 carbon 
atoms. Suitable mid cut alkyl (meth)acrylates include, 
but are not limited to: 2-ethylhexyl acrylate ("EHA"), 
2-ethylhexyl methacrylate, octyl methacrylate, decyl 
methacrylate, isodecyl methacrylate ("IDMA", based on 
branched (C 10 )alkyl isomer mixture), undecyl methacr- 
ylate, dodecyl methacrylate (also known as lauryl meth- 
acrylate), tridecyl methacrylate, tetradecyl methacrylate 
(also known as myristyl methacrylate), pentadecyl 
methacrylate and mixtures thereof. Particularly useful 
mixtures include dodecyl-pentadecyl methacrylate 
("DPMA"), a mixture of linear and branched isomers of 
dodecyl, tridecyl, tetradecyl and pentadecyl methacr- 
ylates; and lauryl- myristyl methacrylate ("LMA"). 
[0032] "High cut" alkyl (meth )acry lates are typically 
those where the alkyl group contains from 1 6 to 24 car- 
bon atoms. Suitable high cut alkyl (meth)acrylates in- 
clude, but are not limited to: hexadecyl methacrylate, 
heptadecyl methacrylate, octadecyl methacrylate, non- 
adecyl methacrylate, cosyl methacrylate, eicosyl meth- 
acrylate and mixtures thereof. Particularly useful mix- 
tures of high cut alkyl (meth)acrylates include, but are 



not limited to: cetyl-eicosyl methacrylate ("CEMA"), 
which is a mixture of hexadecyl, octadecyl, cosyl and 
eicosyl methacrylate; and cetyl-stearyl methacrylate 
("SMA"), which is a mixture of hexadecyl and octadecyl 
5 methacrylate. 

[0033] The mid-cut and high-cut alkyl (meth )acry late 
monomers described above are generally prepared by 
standard esterification procedures using technical 
grades of long chain aliphatic alcohols, and these com- 

10 mercially available alcohols are mixtures of alcohols of 
varying chain lengths containing between 10 and 15 or 
16 and 20 carbon atoms in the alkyl group. Examples of 
these alcohols are the various Ziegler catalyzed ALFOL 
alcohols from Vista Chemical company, i.e., ALFOL 

*5 1618 and ALFOL 1620, Ziegler catalyzed various NE- 
ODOL alcohols from Shell Chemical Company, i.e. NE- 
ODOL 25L, and naturally derived alcohols such as Proc- 
tor & Gamble's TA-1618 and CO-1270. Consequently, 
for the purposes of this invention, alkyl (meth)acrylate 

20 js intended to include not only the individual alkyl (meth) 
acrylate product named, but also to include mixtures of 
the alkyl (meth) aery lates with a predominant amount of 
the particular alkyl (meth)acrylate named. 
[0034] The alkyl (meth)acrylate monomers useful in 

25 the present invention may be a single monomer or a mix- 
ture having different numbers of carbon atoms in the 
alkyl portion. Also, the (meth)acrylamide and alkyl 
(meth)acrylate monomers useful in the present inven- 
tion may optionally be substituted. Suitable optionally 

30 substituted (meth)acrylamide and alkyl (meth)acrylate 
monomers include, but are not limited to: hydroxy (C 2 - 
C 6 )alkyl (meth)acrylates, dialkylamino(C 2 -C 6 )-alkyl 
(meth)acrylates, dialky!amino(C 2 -C 6 )alkyi (meth)acry- 
lamides. 

35 [0035] Particularly useful substituted alkyl (meth)acr- 
ylate monomers are those with one or more hydroxyl 
groups in the alkyl radical, especially those where the 
hydroxyl group is found at the 0-position (2-position) in 
the alkyl radical. Hydroxyalkyl (meth)acrylate mono- 

40 mers in which the substituted alkyl group is a (C 2 -C 6 ) 
alkyl, branched or unbranched, are preferred. Suitable 
hydroxyalkyl (meth)acrylate monomers include, but are 
not limited to: 2-hydroxyethyl methacrylate ("HEMA"), 
2-hydroxyethyl acrylate ("HE A"), 2-hydroxypropyl meth- 

45 acrylate, 1 -met hyl-2- hydroxyethyl methacrylate, 2-hy- 
droxy-propyl acrylate, 1 -methyi-2-hydroxyethyl acr- 
ylate, 2-hydroxybutyl methacrylate, 2-hydroxybutyl acr- 
ylate and mixtures thereof. The preferred hydroxyalkyl 
(meth)acryiate monomers are HEMA,. 1 -methyl-2-hy- 

50 droxyethyl methacrylate, 2-hydroxypropyl methacrylate 
and mixtures thereof. A mixture of the latter two mono- 
mers is commonly referred to as "hydroxypropyl meth- 
acrylate" or "HPMA." 

[0036] Other substituted (meth)acrylate and (meth) 
55 acrylamidc monomers useful in the present invention 
are4hose with a dialkylamino group or dialkylaminoalkyl 
group in the alkyl radical. Examples of such substituted 
(meth)acrylates and (meth)acrylamides include, but are 
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not limited to: dimethylaminoethylmethacrylate, dimeth- 
ylaminoethyl acrylate, N.N-dimethylaminoethyl meth- 
acrylamide, N,N-dimethyl-aminopropyl methacryla- 
mide, N,N-dimethylaminobutyl methacrylamide, N,N-di- 
ethylaminoethyl methacrylamide, N.N-diethylaminopro- 
pyl methacrylamide, N,N-diethylaminobutyi methacryla- 
mide, N-(1,1-dimethyl-3-oxobutyl) acrylamide, N- 
(1 ,3-diphenyl-1 -ethyl-3-oxobutyl) acrylamide, N-(1 -me- 
thyl- 1-phenyl-3-oxobutyl) methacrylamide, and 2-hy- 
droxycthyl acrylamide, N -methacrylamide of aminoethyl 
ethylene urea, N-methacryloxy ethyl morpholine, N- 
maleimide of dimethylaminopropylamine and mixtures 
thereof. 

[0037] Other substituted (meth)acrylate monomers 
useful in the present invention arc silicon-containing 
monomers such as 7-propyl tri(C r C 6 )alkoxysilyl (meth) 
acrylate, y-propyl tri(C r C 6 )alky!silyl (meth)acrylate, y- 
propyl di(C 1 -C 6 )alkoxy(C 1 -C 6 )alkylsilyl (meth) acrylate, 
y-propyl di(C 1 -C 6 )alkyl(C 1 -C 6 )alkoxysilyl (meth)acr- 
ylate : vinyl ^(C^^alkoxysilyl (meth) aery late, vinyl di 
(C 1 -C 6 )alkoxy(C 1 -C 6 )alkylsilyl (meth)acrylate, vinyl 
(C 1 -C 6 )alkoxydi(C r C 6 )alkylsilyl (meth)acrylate, vinyl tri 
(C-,-C 6 )alkyisilyl (meth)acrylate, and mixtures thereof. 
[0038] The vinylaromatic monomers useful as un- 
saturated monomers in the present invention include, 
but are not limited to: styrene ("STY"), a-methylstyrene, 
vinyltoluene, p-methylstyrene : ethylvinylbenzene, vinyl- 
naphthalene, vinylxylenes, and mixtures thereof. The vi- 
nylaromatic monomers also include their corresponding 
substituted counterparts, such as halogenated deriva- 
tives, i.e., containing one or more halogen groups, such 
as fluorine, chlorine or bromine; and nitro, cyano, (C n - 
C 10 )alkoxy, halo(C 1 -C 10 )alkyl, carb(C n -C 10 )alkoxy, car- 
boxy, amino, (C^C^jaikylamino derivatives and the 
like. 

[0039] The nitrogen-containing compounds and their 
thio-analogs useful as unsaturated monomers in the 
present invention include, but are not limited to: vinylpy- 
ridines such as 2-vinylpyridine or 4-vinyipyridine; lower 
alkyl (C r C 8 ) substituted N-vinyl pyridines such as 

2- methyl-5-vinyl-pyridine, 2-ethyl-5-vinylpyridine, 

3- methyl-5-vinylpyridine, 2,3-dimethyl-5-vinyl-pyridine, 
and 2-methyl-3-ethyl-5-vinyipyridine; methyl-substitut- 
ed quinolines and isoquinolines; N-viny!capro!actam; N- 
vinylbutyrolactam; N-vinylpyrrolidone; vinyl imidazole; 
N-vinyl cartoazole; N-vinyl-succinimide; (meth)acryloni- 
trile; o-, m-, or p-aminostyrene; maleimide; N-vinyl-ox- 
azolidone; N,N-dimethyl aminoethyl-vinyl-ether; ethyl- 
2-cyano acrylate; vinyl acetonitrile; N-vinylphthalimide; 
N-vinyl-pyrrolidones such as N-vinyl-thio-pyrroIidone, 3 
methyl-1 -vinyl-pyrrolidone, 4-methyl-1 -vinyl-pyrro- 
lidone, 5-methyl-1 -vinyl-pyrrolidone, 3-ethyl-1 -vinyl- 
pyrrolidone, 3-butyl-1 -vinyl-pyrrolidone, 3,3-dimethyl- 
1 -vinyl-pyrrolidone, 4,5-dimethyM -vinyl-pyrrolidone, 
5,5-dimethyl-1 -vinyl-pyrrolidone, 3,3,5-trimethyl-1-vi- 

- nylpyrrolidone, 4-ethyM -vinyl-pyrrolidone, 5-methyl- 
5-ethyl-1 -vinyl-pyrrolidone and 3 , 4, 5-tri methyl-1 -vinyl- 
pyrrolidone; vinyl pyrroles; vinyl anilines; and vinyl pip- 



eridines. 

[0040] The substituted ethylene monomers useful as 
unsaturated monomers is in the present invention in- 
clude, but are not limited to: allylic monomers, vinyl ac- 
5 etate, vinyl formamide, vinyl chloride, vinyl fluoride, vinyl 
bromide, vinylidene chloride, vinylidene fluoride and vi- 
nylidene bromide. 

[0041 ] It is preferred that the cross-linkable polymers 
of the present invention include as polymerized units 
10 one or more aromatic compounds, such as at least 
about 3 %wt, preferably at least about 5 %wt, and more 
preferably at least about 10 %wt. Particularly useful 
cross-linkable polymers include those containing at 
least about 20 %wt of the total polymerized units. It is 
15 more preferred that the cross-linkable polymers include 
one or more aromatic-aldehyde condensates. Particu- 
larly useful cross-linkable polymers include one or more 
aromatic-aldehyde condensates and one or more other 
polymers, such as (meth) acrylate polymers, wherein the 
20 value of M^/Mn for the aromatic-aldehyde condensates 
is at least 2.5, and preferably at least 3 .0. It is still further 
preferred thatthe cross-linkable polymers of the present 
invention are substantially free of silphenylene moieties, 
and more preferably free of silphenylene moieties. 
25 [0042] Cross-linkable polymers are typically present 
in the compositions of the invention in amounts of from 
about 60 to about 85 % of solids, and preferably from 
about 70 to about 85 % of solids. 
[0043] Cross-linkers useful in the present invention 
30 are any which undergo acid catalyzed cross-linking with 
the cross-linkable polymers. Suitable cross-linkers in- 
clude di-, tri-, tetra-, or higher multi-functional ethyleni- 
cally unsaturated monomers. Examples of cross-linkers 
useful in the present invention include, but are not lim- 
35 ited to: trivinylbenzene, divinyltoluene, divinylpyridine, 
divinylnaphthalene and divinylxylene; and such as eth- 
yleneglycol diacrylate, trimethylolpropanetriacrylate, di- 
ethyleneglycol divinyl ether, trivinylcyclohexane, allyl 
methacrylate ("ALMA"), ethyleneglycol dimethacrylate 
40 ("EGDMA"), diethyleneglycol dimethacrylate ("DEGD- 
MA"), propylenegrycol dimethacrylate, propyleneglycol 
diacrylate, trimethylolpropane trimethacrylate ("TMPT- 
M A") , divinyl benzene ("DVB"), glycidyl methacrylate, 
2,2-dimethylpropane 1,3 diacrylate, 1,3-butylene glycol 
45 diacrylate, 1 ,3-butylene glycol dimethacrylate, 1 ,4-bu- 
tanediol diacrylate, diethylene glycol diacrylate, diethyl- 
ene glycol dimethacrylate, 1 ,6-hexanediol diacrylate, 
1 ,6-hexanediol dimethacrylate, tripropylene glycol dia- 
crylate, triethylene glycol dimethacrylate, tetraethylene 
so glycol diacrylate, polyethylene glycol 200 diacrylate, 
tetraethylene glycol dimethacrylate, polyethylene glycol 
dimethacrylate, ethoxylated bisphenol A diacrylate, 
ethoxylated bisphenol A dimethacrylate, polyethylene 
glycol 600 dimethacrylate, poly(butanediol) diacrylate, 
55 pentaerythritol triacrylate, trimethylolpropane triethoxy 
triaerylate, glyceryl propoxy triacrylate, pentaerythritol 
tetraacrylate, pentaerythritol tetramethacrylate, dipen- 
taerythritol monohydroxypentaacrylate, divinyl silane, 
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trivinyl silane, dimethyl divinyl silane, divinyl methyl si- 
lane, methyl trivinyl silane, diphenyl divinyl silane, divi- 
nyl phenyl silane, trivinyl phenyl silane, divinyl methyl 
phenyl silane, tetravinyl silane, dimethyl vinyl disi- 
loxane, poly(methyl vinyl siloxane), polyvinyl hydro si- 
loxane), poly (phenyl vinyl siloxane), tetratC^C^alkox- 
yglycoluril such as tetramethoxyglycoluril and tetrabu- 
toxyglycoluril, and mixtures thereof. 
[0044] The cross-linkers of the present invention are 
typically used in amounts of from about 5 to about 25 % 
of solids, and preferably from about 1 0 to about 22 % of 
solids. 

[0045] The acid catalysts useful in the present inven- 
tion include free acids and acid generators. Any free ac- 
id which is compatible with the compositions of the 
present invention and catalyzes cross-linking of the pol- 
ymer and cross-linking agent is suitable for use in the 
present invention. Examples of free acids include, but 
are not limited to, sulfonic acids such as methane sul- 
fonic acid, ethane sulfonic acid, propyl sulfonic acid, 
phenyl sulfonic acid, toluene sulfonic acid, dodecylben- 
zene sulfonic acid, and trifluoromethyl sulfonic acid. 
[0046] The acid generators include thermal acid gen- 
erators ("TAGs"), photoacid generators ("PAGs") and 
mixtures thereof. Any thermal acid generator and any 
photoacid generator are useful in the present invention. 
A thermal acid generator is any compound that liberates 
acid upon thermal treatment. Suitable thermal acid gen- 
erators include, but are not limited to, 2,4,4,6-tetrabro- 
mocyclohexadienone, benzoin tosylate, 2-nitrobenzyl 
tosylate, other alkyl esters of organic sulfonic acids and 
amine salts of sulfonic acids. Compounds that generate 
a sulfonic acid upon activation are generally suitable. 
Photoacid generators are compounds that liberate acid 
upon photolysis. Suitable photoacid generators include, 
but are not limited to, onium salts, halogenated non-ion- 
ic photoacid generators such as 1,1-bis(p-chlorophe- 
nyl)-2,2,2-trichloroethane, and other photoacid genera- 
tors disclosed herein for use in photoresist composi- 
tions. 

[0047] The acid catalysts are typically present in the 
compositions of the present invention in an amount of 
from about 0.1 to about 8 % of solids, and preferably 
from about 0.5 to about 5 % of solids. It is preferred that 
a combination of acid catalysts is used in the present 
invention. Suitable combinations include a free acid with 
a photoacid generator and a free acid with a thermal acid 
generator. Such acid catalysts are generally known or 
commercially available and may be used without further 
purification. 

[0048] The compositions of the present invention con- 
tain one or more solvents. Any solvent that is compatible 
with the formulation is suitable. Solvents having low vis- 
cosity are preferred. Suitable solvents include, but are 
not limited to, propylene glycol methyl ether acetate, 
- 2-heptanone, ethyl lactate or one or more of the glycol 
ethers such as 2-methoxyethyl ether (diglyme), ethyl- 
ene glycol monomethyl ether, and propylene glycol 



monomethyl ether; solvents that have both ether and hy- 
droxy moieties such as methoxy butanol, ethoxy buta- 
nol, methoxy propanol and ethoxy propanol; esters such 
as methyl cellosolve acetate, ethyl cellosolve acetate, 

5 propylene glycol monomethyl ether acetate, dipropyl- 
ene glycol monomethyl ether acetate and other solvents 
such as dibasic esters, propylene carbonate and gam- 
ma-butyrolactone. Particularly suitable solvents useful 
in the present invention are relatively high boiling, i.e. 

10 such solvents have boiling points at least about 1 70° C, 
and preferably at least about 190° C. Mixtures of sol- 
vents may be advantageously used in the present in- 
vention. Thus, the solvents of the present invention may 
be admixed with one or more other solvents. Such other 

is solvents may be high boiling or low boiling. 

[0049] The compositions of the present invention may 
optionally include one or more other components, such 
as, but not limited to, plasticizers, surfactants, leveling 
agents, dyes, pigments, chromophores, and the like. 

20 [0050] Plasticizers may be added to the compositions 
of the present invention to improve certain characteris- 
tics of the compositions. Suitable plasticizers include, 
but are not limited to, dibasic esters such as dimethyl 
adipate and dimethyl succinate. Mixtures of plasticizers 

25 may be used in the present invention. Typically, the plas- 
ticizers are used in an amount of from about 0.5 to about 
1 0 % of solids, and preferably from about 1 to about 5 
% of solids. It is preferred that one or more plasticizers 
are used in the compositions of the present invention. It 

30 will be appreciated by those skilled in the art that higher 
amounts of plasticizers, such as up to about 50 to about 
100 % of soiids : may be advantageously used in the 
present invention. 

[0051] The leveling agents useful in the present in- 

35 vention are surface leveling agents such as those avail- 
able under the tradename Silwet 7604 from Union Car- 
bide, or the surfactant FC 430 available from the 3M 
Company. The choice and amount of such leveling 
agent is within the ability of one skilled in the art. 

40 [0052] The compositions of the present invention may 
also function as anti reflective coatings. For example, 
when the cross-linkable polymer and/or the cross-link- 
ing agent contains aromatic groups, such compositions 
may be used as an anti reflective composition for 193 
nm radiation. In the alternative, dyes or chromophores 
may be added to the compositions of the present inven- 
tion, such as by copolymerization or admixture with, to 
provide antireflective compositions useful at other 
wavelengths of radiation. 

50 [0053] The concentration of the dry components, i.e. 
one or more cross-linkable polymers, one or more acid 
catalysts and one or more cross-linking agents, in the 
solvent will depend on several factors such as the meth- 
od of application. In general, the solids content of the 

55 compositions of the present invention include from 
about 0.5-to 25 weight percent of the total weight of the 
composition, preferably the solids content varies from 
about 2 to 20 weight percent of the total weight of the 
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composition. The compositions of the present invention 
are prepared by combining the components in any or- 
der. 

[0054] Particularly suitable compositions of the 
present invention include those wherein the cross-link- 
able polymer is an aromatic-aldehyde condensate, the 
acid catalyst is blocked dodecyl benzene sulfonic acid, 
the cross-linking agent selected from tetramethoxygly- 
coluril ortetrabutoxyglycoluril and preferably tetrabutox- 
yglycoluril, and the solvent is propylene glycol monome- 
thyl ether acetate. 

[0055] The compositions of the present invention are 
useful in substantially planarizing the surface of sub- 
strates, such as electronic devices. Particularly useful 
substrates include, but are not limited to, printed wiring 
boards, conductors and semiconductor devices such as 
wafers used in the manufacture of semiconductors. The 
compositions of the present invention may be applied to 
the substrate to be planarized by any of a variety of 
means, such as by spin coating. When applied to a sub- 
strate, the compositions of the present invention provide 
a coating or layer disposed on the surface of the sub- 
strate. When the compositions are applied by spin coat- 
ing, such as to a semiconductor wafer, the thickness of 
the resulting film can be controlled, such as from about 
<200 A to about 1 .5 jxm. 

[0056] The present invention provides a method of 
providing a substantially locally planarized surface on a 
substrate including the steps of disposing on a surface 
of a substrate a composition including one or more 
cross-linkable polymers having a molecular weight of 
less than or equal to about 8000 and a value of MJM n 
of at least 1 .5, one or more acid catalysts, one or more 
cross-linking agents and one or more solvents, wherein 
the cross-linkable polymers include as monomer units 
at least one hydroxyl group containing monomer, and 
wherein the hydroxyl group is at least about 3 %wt of 
the cross-linkable polymers; and at least partially curing 
the composition by heating the substrate at a tempera- 
ture sufficient to at least partially cure the composition. 
[0057] Figure 1 shows a cross-sectional representa- 
tion of a via 12 in an aperture containing layer 10 dis- 
posed on substrate 16 where the via is completely filled 
by a composition of the present invention 14, forming a 
substantially planarized surface overcoating the aper- 
ture containing layer 10. Substantially planarized sub- 
strates refers to substrates having substantially filled ap- 
ertures. "Substantially filled" apertures have an aperture 
fill ratio ("AFR") of about 2 to about 1 00. AFR is defined 
for an aperture having an aspect ratio >2, and preferably 
having a size of < 0.5 |xm, by the formula A/B, where A 
is the height of the aperture fill composition in the aper- 
ture and B is the thickness of the aperture fill composi- 
tion film or layer on the surface of the aperture contain- 
ing layer. This relationship is further shown in Figure 2 
- which shows a cross-sectional representation of via 12 
in an aperture containing layer 10 disposed on substrate 
16 where the via is substantially filled by a composition 



of the present invention 14 . Such AFR may be deter- 
mined for completely filled apertures, as shown in Figure 
1, or partially filled apertures, as shown in Figure 2. 
[0058] Typically, the compositions of the present in- 
5 vention are at least partially cured by heated at a tem- 
perature of from about 75° to about 250° C, preferably 
from about 90° to about 225° C. "At least partially cured" 
refers to at least 10% cross-linking of the aperture fill 
composition. It is preferred that the aperture fill compo- 
te? sition is substantially cross-linked and more preferably 
fully crosslinked. The compositions of the present inven- 
tion may be cured by subjecting a substrate coated with 
the composition to a one-step or two-step bake. A one- 
step bake heats the compositions of the present inven- 
ts tion at a temperature and for a period of time sufficiently 
to at least partially, and preferably substantially, cross- 
link the composition. In the alternative, a two-step bake 
may be used which heats the compositions of the 
present invention at a first temperature which is not suf- 
20 ficient to cure the compositions but allows the composi- 
tions to reflow to improve planarization, followed by 
heating at a second temperature and for a period of time 
sufficiently to at least partially, and preferably substan- 
tially, cross-link the composition. When a two-step bake 
25 is used, the substrate containing a composition of the 
present invention is heated at a temperature and for a 
period of time such that the AFR increases by at least 
10%, preferably at least 15%, and more preferably at 
least 25%. 

30 [0059] Thus, the present invention also provides a 
substantially locally planarized surface on a substrate 
including the steps of disposing on a substrate a com- 
position including one or more cross-linkable polymers 
having a weight average molecular weight of less than 

35 or equal to about 8000 and a value of M^/M,, of at least 
1 .5, one or more acid catalysts, one or more cross-link- 
ing agents and one or more solvents, wherein the cross- 
linkable polymers include as polymerized units at least 
one hydroxyl group containing monomer, and wherein 

40 the hydroxyl group is at least about 3 %wt of the cross- 
linkable polymers; heating the substrate at a first tem- 
perature sufficient to reflow the composition; and then 
heating the substrate at a second temperature sufficient 
to cure the composition. It is preferred that the substrate 

45 includes one or more apertures. 

[0060] Such processes produce substrates having 
substantially planarized surfaces having a cross-linked 
polymer film, coating or layer wherein the film includes 
as polymerized units one or more cross-linkable poly- 

50 rners and one or more cross-linking agents, wherein the 
cross-linkable polymers have a weight average molec- 
ular weight of less than or equal to about 8000 and a 
value of M^/Mn of at least 1 .5, wherein the cross-lin kable 
polymers include as polymerized units at least one hy- 

55 droxyl group containing monomer, and wherein the hy- 
drexy* group is at least about 3 %wt of the cross-lin kable 
polymers 

[0061] The present invention is particularly useful in 
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protecting vias in dual damascene processes in semi- 
conductor manufacture, while also providing a substan- 
tially locally planarized surface. Thus the present inven- 
tion provides a substrate having apertures wherein the 
apertures contain a composition including a cross- 
linked polymer wherein the cross-linked polymer in- 
cludes as polymerized units one or more cross-linkable 
polymers and one ormore cross-linking agents, wherein 
the cross-linkable polymers have a weight average mo- 
lecular weight of less than or equal to about 8000 and 
a value of My/M,, of at least 1 .5, wherein the cross-link- 
able polymers include as polymerized units at least one 
hydroxyl group containing monomer, and wherein the 
hydroxyl group is at least about 3 %wt of the cross-link- 
able polymers 

[0062] In dual damascene processes, apertures, 
such as vias, are first formed in a substrate such as in 
a dielectric layer, optionally an anti reflective coating is 
applied, a photoresist layer is then applied, trenches are 
patterned, the resist is exposed and developed, and the 
trenches are etched. In such process, the bottoms of the 
apertures may be compromised unless protected. The 
present invention provides a method of protecting the 
bottom of apertures in the manufacture of an electronic 
device including the steps of disposing on a surface of 
a substrate an aperture fill composition including one or 
more cross-linkable polymers having a weight average 
molecular weight of less than or equal to about 8000 
and a value of M^lv^ of at least 1 .5, one or more acid 
catalysts, one or more cross-linking agents and one or 
more solvents, wherein the cross-linkable polymers in- 
clude as polymerized units at least one hydroxyl group 
containing monomer, and wherein the hydroxyl group is 
at least about 3 %wt of the cross-linkable polymers; and 
heating the substrate at a temperature sufficient to cure 
the composition. 

[0063] Dual damascene process are important in the 
manufacture of semiconductor devices. Thus, the 
present invention provides a method for manufacturing 
an electronic device including the steps of: a) providing 
two or more first apertures in a substrate; b) at least par- 
tially filling the one or more first apertures with an aper- 
ture fill composition including one or more cross-linkable 
polymers having a weight average molecular weight of 
less than or equal to about 8000 and a value of M^/M,, 
of at least 1 .5, one or more acid catalysts, one or more 
cross-linking agents and one ormore solvents, wherein 
the cross- linkable polymers include as polymerized 
units at least one hydroxyl group containing monomer, 
and wherein the hydroxyl group is at least about 3 %wt 
of the cross-linkable polymers; c) heating the substrate 
to at least partially cure the composition; d) plasma etch- 
ing a second aperture connecting two or more at least 
partially filled first apertures; and e) removing the at 
least partially cured the composition from the two or 
more first apertures. In such dual damascene process- 
es, it is preferred that the process further include the 
step of disposing an anti reflective coating on the surface 



of the aperture fill composition, and more preferably dis- 
posing a photoresist on the surface of the anti reflective 
coating. The photoresist is then exposed using actinic 
radiation prior to etching. It is further preferred in such 
5 processes that the plasma etch rates of the aperture fill 
composition and the substrate are substantially 
matched. 

[0064] If the aperture fill material of the present inven- 
tion is too plasma etch resistant, i.e. etches more slowly 

10 than the aperture containing material, such as a dielec- 
tric layer, a problem develops during trench etching. 
With reference to Figure 3, in such cases, as the aper- 
ture containing material 20 is etched to form the trench 
22, a difficult to remove 'fence" or organometallic poly- 

*5 mer residue 24 forms adjacent to the aperture fill mate- 
rial 26. Such fences 24 may remain after metallization 
with copper 26 of the dual damascene structure, as can 
be seen in Figure 4. 

[0065] By substantially matching the plasma etch rate 
20 of the aperture fill material to that of the aperture con- 
taining layer of a substrate, the formation of such fences 
can be reduced or eliminated. The plasma etch rate of 
the aperture fill composition of the present invention can 
be adjusted by adjusting the ratio of the aromatic to non- 
25 aromatic moieties in the composition. For example, by 
decreasing the content of the aromatic moieties in the 
material, the plasma etch rate of the material is in- 
creased. Thus, for applications requiring a higher plas- 
ma etch rate of the aperture fill material, it is preferred 
30 that the content of the aromatic moieties in the compo- 
sition by decreased, such as by decreasing the amount 
of aromatic moieties in the cross-linkable polymer or 
cross-linking agent. Such decrease in aromatic com- 
pound content can be readily achieved by substituting 
35 aliphatic compounds for the aromatic compounds. 
Thus, by replacing an amount of aromatic monomer with 
an aliphatic monomer, the plasma etch rate of the com- 
position is increased. For example, in semiconductor 
manufacture using dual damascene processes, it is pre- 
ferred that the plasma etch rate of the aperture fill com- 
position be substantially matched to the plasma etch 
rate of the aperture containing layer, such as a dielectric 
layer. By "substantially matched plasma etch rates'* is 
meant that the plasma etch rate of the aperture contain- 
45 jng material is about one to two times more etch resist- 
ant than the plasma etch rate of the aperture fill compo- 
sition. It is preferred that the plasma etch rate of the ap- 
erture fill composition of the present invention is 1 to 2 
times the plasma etch rate of the aperture containing 
50 material. In substantially matching the plasma etch rates 
of the aperture fill composition and the aperture contain- 
ing layer, it is preferred that the cross-linkable polymer 
in the aperture fill composition have low aromatic moiety 
content, such as less than about 1 0 %wt, preferably less 
55 than about 5 %wt, and more preferably substantially free 
of-afomatie moiety content. 

[0066] Thus, the present invention provides a method 
of protecting the bottom of apertures in the manufacture 
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of an electronic device including the steps of disposing 
on a surface of a substrate having apertures in a layer 
an aperture fill composition comprising one or more 
cross-linkable polymers having a weight average mo- 
lecular weight of less than or equal to about 8000 and 
a value of MJM n of at least 1 .5, one or more acid cata- 
lysts, one or more cross-linking agents and one or more 
solvents, wherein the cross-linkable polymers include 
as polymerized units at least one hydroxy! group con- 
taining monomer, wherein the hydroxyl group is at least 
about 3 %wt of the cross-linkable polymers, wherein at 
least one of the cross-linkable polymer and the cross- 
linking agent include as polymerized units an aromatic 
monomer, and wherein at least one of the cross-linkable 
polymer and the cross-linking agent include as polym- 
erized units an aliphatic monomer; and heating the sub- 
strate at a temperature sufficient to at least partially cure 
the composition; wherein the plasma etch rate of the ap- 
erture fill composition and the plasma etch rate of the 
aperture containing layer are substantially matched. 
[0067] Also provided according to the present inven- 
tion is a substrate having one or more apertures in a 
layer wherein the one or more apertures contain an ap- 
erture filling composition comprising cross-linked poly- 
mer, wherein the etch rate of the cross-linked polymer 
and the etch rate of the aperture containing layer are 
substantially matched. 

[0068] Although the invention has been described 
with respect to semiconductor manufacture, it will be ap- 
preciated that the present invention may be used in a 
wide variety of applications. It will also be appreciated 
that the present invention is also useful in the global 
planarization of substrates. 

[0069] The following examples are intended to illus- 
trate further various aspects of the present invention, 
but are not intended to limit the scope of the invention 
in any aspect. 

Example 1 

[0070] An aperture fill formulation was prepared by 
combining a meta-cresol-para-cresol-2,5-dimethoxy- 
phenol novolak polymer (21 .118 g of a 30 % solids pro- 
pylene glycol monomethyl ether acetate ("PGMEA") so- 
lution, Mn 800 : Mw 2500 g/mol, Tg 83° C), para-toulene 
sulfonic acid monohydrate (1 .125 g of a 5.02% solution 
in PGMEA, 0.5 %wt of solids), tetramethoxygiycoluril as 
cross-linking agent (0.748 g, 15 % of solids), FC430 
(available from 3M) as a surface active leveling agent 
(0.377 g (1% in PGMEA), 0.05 % of solids), dimethyl 
adipate (0.323 g (5 % of total solids but not included in 
solids calculation) and 26.32 g PGMEA (26.321 g). This 
prepared a 50 g sample at 1 5 % solids. The formulation 
was rolled for a period sufficient to solubilizethe material 
and filtered through a 0.2 micron poly(tetrafluoroethyl- 
- ene) ("PTFE") filter prior to use. 
[0071 ] This solution was designed to produce a nom- 
inal 3000 Afilm thickness at 3000 rpm after baking. The 



solution was dispensed by hand on a wafer patterned 
with vias of varying size and which were approximately 
1 urn deep. The wafer was then spun at 3000 rpm fol- 
lowed by heating first at 90° C for 60 seconds and then 

5 at 205° C for 60 seconds. 

[0072] Vias having the same size, 250 nm, but in ar- 
eas of differing densities or pitches, were isolated and 
evaluated by scanning electron microscopy ("SEM"). 
Figure 5 is a SEM of filled vias having a pitch of 1:1. 

10 Figure 6 is a SEM of filled vias having a pitch of 1 :3. 
Figure 7 is a filled via (isolated) having a pitch of 1 :6. 
These data show that the formulation had excellent gap 
fill properties and completely filled the vias with some 
extent of overfill, i.e. overcoat, for the features evaluat- 

15 ed. 

Example 2 

[0073] The procedure of Example 1 was repeated ex- 
20 cept that the para-toluene sulfonic acid was replaced 
with 0.479 g of a blocked dodecyl benzene sulfonic acid 
as a thermal acid generator, (Nacure 5225 available 
from King Industries, Norwalk, Connecticut) as a 25 % 
solids solution in iso-propanol, and the weights of the 
25 other components varied. The resultant formulation thus 
contained: meta-cresol-para-creso1-2,5-dimethoxyphe- 
nol novolak polymer (33.581 g of a 30% solids solution 
in PGMEA), a blocked dodecyl benzene sulfonic acid 
(0.479 g of a 25 % solids solution in iso-propanol, 1 % 
30 of solids), tetramethoxygiycoluril (15 % of solids, 1 .800 
g), FC430 as a leveling agent (0.603 g of a 1% solution 
in PGMEA, 0.05 % solids), dimethyl adipate (0.528 g, 
5% of solids without including it in solids calculation) and 
the remainder as PGMEA. 

35 

Example 3 

[0074] The procedure of Example 2 was repeated ex- 
cept that the tetramethoxygiycoluril cross-linker was re- 

40 placed with tet rabutoxy glycol uril. The formulation thus 
contained: meta-cresol-para-cresol-2,5-dimethoxyphe- 
nol novolak polymer (301 .268 g of a 30 % solids solution 
in PGMEA, 75.95% of solids), a blocked dodecyl ben- 
zene sulfonic acid (9.520 g of a 25 % solids solution in 

45 iso-propanol, 2% of solids), tetrabutoxyglycoluril 
(26.1 80 g, 22 % of solids), FC430 (5.950 g of a 1% so- 
lution in PGMEA, 0.05% solids), dimethyl adipate (5.950 
g, 5 % of solids without including it in solids calculation), 
and 322 .51 2 g of PGM EA. This prepared a 700 g sample 

so at 17% solids. 

[0075] The sample was diluted to less than 1 0 % sol- 
ids and spin coated on a wafer (3000 rpm) containing 1 
|xm deep vias. The wafer was then heated at 205° C for 
60 seconds. Due to the lower solids content, vias in ar- 

55 eas of dense features were partially filled, whereas iso- 
lated- vias- substantially filled. 
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Claims 

1 . A composition comprising one or more cross-linka- 
ble polymers having a weight average molecular 
weight of less than or equal to about 8000 and a 5 
value of M^/Mp of at least 1 .5, one or more acid cat- 
alysts, one or more cross-linking agents and one or 
more solvents, wherein the cross-linkable polymers 
comprise as polymerized units at least one hydroxyl 
group containing monomer, and wherein the hy- 10 
;droxyl group is at least about 3 %wt of the cross- 
linkable polymers. 

2. The composition of claim 1 wherein the one or more 
solvents have a boiling point of greater than or equal is 
to 1 70° C. 

3. The composition of claim 1 wherein the value of M^/ 
M n is at least 2.0. 

20 

4. The composition of claim 1 wherein the value of M^/ 
M n is at least 2.5. 

5. The composition of claim 1 wherein the hydroxyl 
group comprises from about 5 to about 25 %wt of 25 
the cross-linkable polymers 

6. The composition of claim 1 wherein cross-linkable 
polymers have a molecular weight of less than or 
equal to about 5000. 30 



9. The composition of claim 1 further comprising one 40 
or more plasticizers. 
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the steps of disposing on a surface of a substrate 
having apertures the composition of claim 1; and 
heating the substrate at a temperature sufficient to 
at least partially cure the composition. 

1 4. A substrate having apertures wherein the apertures 
contain a composition comprising the composition 
of claim 1 . 

15. A substrate having apertures wherein the apertures 
comprise a composition comprising one or more 
cross-linked polymers comprising as polymerized 
units one or more cross-linkable polymers having a 
weight average molecular weight of less than or 
equal to about 8000 and a value of of at least 
1 .5 and one or more cross-linking agents, wherein 
the cross-linkable polymers comprise as polymer- 
ized units at least one hydroxyl group containing 
monomer, and wherein the hydroxyl group is at 
least about 3 %wt of the cross-linkable polymers. 

16. A method of providing a substantially planarized 
surface comprising the steps of disposing on a sur- 
face of a substrate a composition comprising one 
or more cross-linkable polymers having a weight 
average molecular weight of less than or equal to 
about 8000 and a value of MJM n of at least 1 .5, 
one or more acid catalysts, one or more cross-link- 
ing agents and one or more solvents, wherein the 
cross-linkable polymers comprise as polymerized 
units at least one hydroxyl group containing mono- 
mer, and wherein the hydroxyl group is at least 
about 3 %wt of the cross-linkable polymers; and at 
least partially curing the composition by heating the 
substrate at a temperature sufficient to at least par- 
tially cure the composition. 

1 7. The method of claim 1 6 further comprising a heating 
the substrate at a temperature sufficient to reflow 
the composition prior to at least partially curing the 
composition. 
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7. The composition of claim 1 wherein the cross-link- 
able polymer comprises as polymerized units one 
or more aromatic compounds. 

8. The composition of claim 7 wherein the aromatic 
compounds comprise at least about 20 %wt of the 
total polymerized units. 



10. The composition of claim 9 wherein the plasticizer 
is a dibasic ester. 

45 

1 1 . The composition of claim 9 wherein the one or more 
plasticizers are present in an amount of 0.5 to about 
100% of solids. 

12. The composition of claim 1 wherein the cross-link- so 
able polymer is aromatic-aldehyde condensate, the 
acid catalyst is blocked dodecyl benzene sulfonic 
acid, the cross-linking agent is tetrabutoxyglycoluril, 
and the solvent is propylene glycol monomethyl 
ether acetate. 55 

13. A method of protecting the bottom of apertures in 
the manufacture of an electronic device comprising 



18. The method of claim 1 6 wherein the solvent has a 
boiling point of greater than or equal to 1 70° C. 

1 9. The method of claim 1 6 wherein the value of MJM^ 
is at least 2.0. 

20. The method of claim 1 6 wherein the value of M^/Mp 
is at least 2.5. 

21 . The method of claim 1 6 wherein the hydroxyl group 
is from about 5 to about 25 %wt of the cross -lin kable 
polymers 

22r-The method of claim 1 6 wherein cross-linkable pol- 
ymers have a molecular weight of less than or equal 
to about 5000. 
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23. The method of claim 16 wherein the cross-linkable 
polymer comprises as monomer units one or more 
aromatic compounds. 

24. The method of claim 23 wherein the aromatic com- 
pounds comprise at least about 20 %wt of the total 
monomer units. 

25. A method for manufacturing an electronic device 
comprising the steps of: a) providing two or more 
first apertures in a substrate; b) at least partially fill- 
ing the two or more first apertures with an aperture 
fill composition comprising one or more cross-link- 
able polymers having a weight average molecular 
weight of less than or equal to about 8000 and a 
value of My/Mj, of at least 1 .5, one or more acid cat- 
alysts, one or more cross-linking agents and one or 
more solvents, wherein the cross-linkable polymers 
comprise as polymerized units at least one hydroxy I 
group containing monomer, and wherein the hy- 
droxy! group is at least about 3 %wt of the cross- 
linkable polymers; c) heating the substrate at a tem- 
perature sufficient to at least partially cure the com- 
position; d) plasma etching a feature connecting 
two or more at least partially filled first apertures; 
and e) removing the at least partially cured compo- 
sition from the two or more first apertures. 
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etch rate of the aperture containing layer are sub- 
stantially matched. 

29. A substrate having one or more apertures in a layer 
5 wherein the one or more apertures contain an ap- 
erture filling composition comprising cross-linked 
polymer, wherein the plasma etch rate of the cross- 
linked polymer and the plasma etch rate of the ap- 
erture containing layer are substantially matched. 

10 
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26. The method of claim 25 further comprising the step 

of disposing an antiref lective coating on the surface 30 
of the aperture fill composition. 

27. The method of claim 25 wherein the etch rates of 
the aperture fill composition and the substrate are 
substantially matched. 35 

28. A method of protecting the bottom of apertures in 
the manufacture of an electronic device comprising 
the steps of disposing on a surface of a substrate 
having apertures in a layer an aperture fill compo- *o 
sition comprising one or more cross-linkable poly- 
mers having a weight average molecular weight of 
less than or equal to about 8000 and a value of 

M n of at least 1 .5, one or more acid catalysts, one 
or more cross-linking agents and one or more sol- 45 
vents, wherein the cross-linkable polymers com- 
prise as polymerized units at least one hydroxyl 
group containing monomer, wherein the hydroxyl 
group is at least about 3 %wt of the cross- linkable 
polymers, wherein at least one of the cross-linkable so 
polymer and the cross-linking agent comprise as 
polymerized units an aromatic monomer, and 
wherein at least one of the cross-linkable polymer 
and the cross-linking agent comprise as polymer- 
ized units an aliphatic monomer; and heating the 55 
substrate at a temperature sufficient to at least par- 
tially cure the composition; wherein the plasma etch 
rate of the aperture fill composition and the plasma 
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FIG. 5 
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FIG. 6 
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